In quant-ph/0406139, we have introduced in a very general setting the new class of quantum states, density source-operator states, satisfying any classical CHSH-form inequality, and shown that any separable state belongs to this class. In the present paper, we prove that, the Werner nonseparable state on C d ⊗ C d , d ≥ 2, also belongs to the class of density source-operator states. Moreover, for any d ≥ 3, the Werner state is in such a subclass of this class where each density source-operator state satisfies also the perfect correlation form of the original Bell inequality regardless of whether or not the Bell perfect correlation restriction is fulfilled.
Introduction
The present paper is a sequel to [1] where, in a very general setting, we have introduced the new class of quantum states satisfying the original CHSH inequality [2] and, more generally, every classical 1 CHSH-form inequality. Any state in this new class admits a special type dilation to an extended tensor product Hilbert space. We call this dilation a density source-operator and refer to a quantum state with this type of dilation as a density source-operator state. As we specify this in [1] , the existence for a quantum state of a density source-operator is a purely geometrical property, and cannot be, in general, linked with the existence for this state of a local hidden-variable (LHV ) model.
To analyze the relation between different classes of quantum states satisfying a classical CHSH-form inequality, we show in [1] that all separable states belong to the class of density source-operator states as a particular subclass and that, for the two qubit system, the Werner nonseparable state [3] is a density source-operator state. It is, however, well known [3, 4] that the Werner nonseparable state on
In the present paper, we prove:
• for any dimension d ≥ 2, the Werner nonseparable state belongs to the class of density source-operator states on
• for any dimension d ≥ 3, the Werner nonseparable state satisfies the original Bell inequality [5, 6] , in its perfect correlation form.
The latter earlier unknown property of the Werner state can be verified experimentally.
2 The Werner state as a density source-operator state
the Werner nonseparable quantum state [3] :
is the orthogonal projection onto the antisymmetric subspace of
, defined by the relation:
Recall that V d is self-adjoint, with
Below, we use the notion of a density source-operator, introduced, in general, in [1] , section 3, and the notation for a density source-operator on
belongs to the class of density source-operator (DSO) states on
Proof. Consider first the case d = 2. For the two-qubit Werner state
the density source-operator T
over the elements standing on the j-th place, j = 2, 3, of tensor products, has been introduced in [1] , section 7, example 1, and has the form:
To prove the statement for any d ≥ 3, let us introduce on
Since in an orthonormal basis {e n ; n = 1, 2, ..., d} in C d the flip operator V d admits the representation
|e n e m | ⊗ |e m e n |,
the projection (8) can be written otherwise as:
|e m e n | ⊗ |e k e m | ⊗ |e n e k |.
From (11) and (2) it follows that, for any j = 1, 2, 3,
It is easy to verify that each density operator
on
◭◮ , coincide with the Werner state, that is:
Hence, by definition of a density source-operator for a quantum state (cf. [1] , section 3), the operator T
◭◮ represents a density source-operator for the Werner state ρ
is a density source-operator state.
As we prove in [1] , any density-source operator state satisfies every classical CHSH-form inequality.
The Werner state and the original Bell inequality
Consider an Alice/Bob joint generalized quantum measurement 2 , with outcomes |λ 1 | ≤ 1 on the side of Alice and outcomes |λ 2 | ≤ 1 on the side of Bob, performed on a bipartite quantum system in a state ρ on C d ⊗ C d and described by the POV measure
which is specified by a pair (a, b) of some parameters on the sides of Alice and Bob, respectively. Here, M Under the joint quantum measurement (16), the expectation value of the product λ 1 λ 2 of outcomes is given by 2 See [7, 1] for the description of an Alice/Bob joint quantum measurement in a very general setting.
